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MATERIALS AND METHODS 157

Cells and viruses. Parental HeLa cells and Vero cells were cultured in Dulbecco 158
modified Eagle's medium (DMEM) supplemented with 5% (vol/vol) fetal bovine serum 159 (HyClone), penicillin (100 μg/ml), and streptomycin (100 units/ml) (GIBCO/Invitrogen) 160 as previously described (75). HeLa cells made stably deficient in either ADAR1 161 (ADAR1 kd ) (34, 65) or PKR (PKR kd ) (74, 75) by a short hairpin RNA interference 162 silencing strategy and the drug-resistant pSUPER.retro.puro vector control cells (CON kd ) 163
were as previously described. Knockdown cells were cultured in DMEM maintenance 164 media with puromycin (1 µg/ml) (Sigma). The recombinant parental Moraten measles 165 virus vaccine strain, herein designated as WT, and isogenic V-deficient (V ko ) and C-166 deficient (C ko ) mutants were as described previously (17, 64); they were generously 167 Western immunoblot analysis. Cells were harvested 24 h after infection, and whole-cell 173 extracts prepared as described (64). The Bradford assay method (Bio-Rad) was used to 174 determine protein concentration. Electrophoretic fractionation of extract protein (20-30 175 μg) was on either 8% or 10% sodium-dodecyl sulfate polyacrylamide gels. Proteins were 176 transferred to nitrocellulose membranes and the membranes blocked either with 5% milk 177 (wt/vol) in phosphate-buffered saline, or 5% BSA (wt/vol) and 0. While the localization of G3BP1 and TIA-1 to foci characteristic of SG was 315 induced by MV infection (Fig. 1, 2) , the steady-state expression levels of G3BP1 and 316 TIA-1 were not detectably altered following infection. The three cell types, CON kd , 317 PKR kd and ADAR kd expressed similar levels of both G3BP1 and TIA-1 as assayed by 318
Western immunoblot analysis ( SGs are abundantly formed following infection (Fig. 2) . At 24 h after infection, cells 333 were analyzed by confocal microscopy using antibodies to G3BP1 (white; blue in merged 334 was largely nuclear as anticipated (46) because the ADAR1 p110 isoform is 337 constitutively expressed and is known to display predominantly, if not exclusively, 338 nuclear localization (56). Upon infection with C ko virus, the ADAR1 signal became 339 punctate in the cytoplasm and colocalized with the G3BP1 marker of SG (Fig. 4A) . This 340 colocalization of ADAR1 and G3PB1 was observed in less than 10% of cells (data not 341 shown). Our finding that ADAR1 localizes to the MV-induced SG (Fig. 4A ) is in 342 agreement with the recent reports using either the non-physiologic pIpC inducer of stress 343 (69) or hepatitis C virus infection (50). However, the presence of ADAR1 protein with 344 SG does not appear to be an obligatory requirement for maintenance of SGs, but rather 345 unexpectedly the converse; the presence of SG structures was substantially increased in 346 ADAR1-deficient cells following MV infection compared to ADAR1-sufficient cells 347 (Fig. 2) . 348
We also examined whether the dsRNA-dependent kinase PKR, following 349 activation by phosphorylation, colocalized with MV-induced SG. At 24 h after C ko 350 infection of CON kd cells, confocal microscopy was carried out using antibodies for 351 G3BP1 (white; blue in merged image), phospho-Thr446-PKR (red) and GFP (green). 352
The phospho-PKR signal was weak in uninfected cells, but following MV infection the 353 signal was greatly increased within the cytoplasm, characteristic of activation of PKR 354 (Fig. 4B) . Furthermore, the staining pattern of phospho-PKR appeared punctate in part 355 and the punctate signal colocalized with the G3BP1 marker of SG. expression, did not show detectable SGs measured by G3BP1 staining (Fig. 5A, left) . 370
However, MV-infected ADAR1 kd cells (Fig. 5A, right) showed robust SG formation 371 when they either had not been transfected (ADAR1 kd ) or when they had been 372 complemented by expression of the p110 (WT) ADAR1 protein or transfected with the 373 empty vector as a control. However, cells complemented with either the p150 (WT) 374 protein or the p150 Z-DNA binding defective mutant Y177A showed low levels of SG 375 formation following infection (Fig. 5 A,B) . By contrast, the p150 catalytic mutant 376 H910Q, E912A showed high levels of SG formation (Fig. 5 A,B) . These results suggest 377 that the p150 size isoform of ADAR1, and furthermore catalytic activity of the p150 kd cells (Fig. 5C ). Only the p150 (WT) and p150 Zα 382 mutant constructs were able to significantly suppress PKR activation (Fig. 5C,D) . 383
Because ADAR1 also is implicated as a suppressor of IFN induction (25, 33), induction 384 levels of IFN-β transcripts were determined. As shown by the representative data set in 385 figure 5E, ADAR1 kd cells expressing either p150 (WT) or the p150 Zα mutant 386 suppressed IFN-β RNA expression to levels approaching that seen with CON kd cells (Fig.  387   5E ). By contrast, complementation of ADAR1 kd cells with either p110 (WT) or the p150 388 catalytic mutant did not decrease the level of either phospho-PKR (Fig. 5D) 
